The personal income distribution (PID) above the Pareto threshold is studied and modeled. A microeconomic model is proposed to simulate the PID and its evolution below and above the Pareto income threshold. The model balances processes of income production and dissipation for any person above 15 years of age. The model accurately predicts the observed dependence of the number of people reaching the Pareto threshold on work experience and the functional dependence of the relationship on the per capita real GDP growth for the period from 1994 to 2002. Predictions of the income distribution depending on age are given for past and future. In future, relatively less rich people are observed in the younger age groups and the peak of the relative number shifts to older ages with time. The effect of the power law distribution extending itself to very high incomes is speculated to be the cause of low performance of socialist countries.
Introduction
A microeconomic model describing the personal income distribution (PID) in the USA was recently developed [1] . The basic approach draws from the field of geomechanics and reproduces some general features of the model for a solid with inhomogeneous inclusions [2] . The microeconomic model predicts the individual income evolution dependence on time when the person entered the economy, the work experience, the personal capability to earn money, and the effective size of the means used to earn money. When aggregated, the model predicts the PID and its evolution in time for the population above 15 years of age.
The principal assumption of the model is that there is no difference between money production and money earning. In contrast to the conventional economic theories, no one produces any profit for the rest of the society s/he belongs to. So, the amount of money produced by a person in the form of goods or services is exactly equal to the amount of money earned by the person. This condition also means that there is no money that is not produced by people, i.e. the total income or GDP exactly equals the sum of the personal incomes. In turn, the personal income distribution is fixed in relative terms at a characteristic time length of several years.
One of the essential features of the observed PID described by the model is the existence of two inherently different regimes of money earning. The first regime, referred to as "subcritical", corresponds to money income proportional to the (numerically defined) capacity of a person to earn money, i.e. to the product of the capability to earn money and the size of the earning means [1] . One can consider this capacity as the effective power of money production that the person achieves by applying her/his personal capability to earn money by some mechanism (leverage) for multiplying the personal power to earn money.
The second regime, a "supercritical" one, corresponds to the personal income range described by a Pareto or power law distribution. This regime starts at some nonzero income threshold, the Pareto threshold, and is supposedly the result of a selforganized-criticality (SOC) [3] . The personal income distribution here is governed by stochastic processes and any person in this income interval can reach any income according to a power law probability. No individual capability above the Pareto threshold is important for the final result, just the probability law. However, the Pareto threshold has to be reached first by passing through the subcritical branch. The Pareto distribution has several analogies in natural and social sciences.
Mechanisms leading to the power law distributions (scale free distributions of sizes -personal incomes in the case of economics) are studied in more detail in some natural sciences. The nature of such mechanisms resulting in the power law distribution in the field of economics is still a big challenge and is not considered here. One can assume, however, that the mechanisms work rapidly and there is no delay between the moment when some personal income reaches the threshold and the moment when the income jumps to its new position in the Pareto distribution. In seismology, for example, the final size or magnitude of an earthquake is usually reached several seconds after the rupture starts. Seismic magnitude represents the size of earthquakes, and this is also distributed according to a power law.
There are several problems related to the Pareto distribution that one can resolve in the framework of the developed model. One important problem is to determine the income threshold separating the subcritical and supercritical zones of income behaviour.
There is a relatively wide transition zone between the two branches where the sub-and supercritical distributions practically coincide. The model accurately distinguishes the zones by matching various characteristics of the observed and predicted distributions.
The relative number of people having incomes in the supercritical zone depends on work experience. The relative number grows exponentially up to some critical age and then drops exponentially. This complex behaviour also explained by the model. Moreover, fine changes in the shape of the personal income distribution are predicted.
The model does not depend on any conventional economic theory or approach. It simulates some independent observations made in the USA during the last ten years. The observations are obviously carried out for some economic purposes and are based on some assumptions adapted from economics. For example, income is divided into personal and corporate income, despite the fact that the latter also belongs to some selected people on a personal basis. However, one can formally introduce a model linking these data sets that does not take into consideration any external meaning of the data. Even if the model has no deep economic roots, its merits have to be assessed by its predictive and resolution capabilities.
The personal income distribution in the USA. Observations
The personal income distribution is an economic parameter, which has been measured in the USA with increasing accuracy for more than fifty years [4] . Detailed data on personal income with age are available only from 1994, however [5] . The data are presented as the number of people falling within $2500 wide income intervals, starting at $0 and loss and ending with $100,000. For the years after 2000, the number of people with income in $50,000 wide intervals is published up to a maximum income of $250,000. This modification is obviously necessary because of an increasing number of people with incomes above $100,000, as discussed below. The data are also given in various age intervals. The official age of starting work in the USA is 15 years. The first age interval for the personal income statistics is 10-years wide and spans from 15 to 24 years of age.
This interval corresponds to the work experience interval from 0 to 9 years. Further age intervals are 5-year wide and span the age ranges from 25 years to 74 years. There is an open-end interval above 75 years of age for all the individuals above this age.
Complimentary estimates in 10-year wide intervals are also available. Hence, the data are represented as a 2-D table over age (work experience) and income with resolutions of 5 years (except the first interval) and $2,500 respectively. Accuracy of observations is a key question for any modelling. If the measured data are not reliable, any relationship obtained from an observation/prediction matching procedure may be misleading. The U.S. Census Bureau provides some estimates of the PID accuracy in the form of a standard deviation corresponding to the observations [6] .
These estimates, however, should be used with some precautions, as discussed in [6] , taking into account the accuracy of the population estimates in various age groups. The population estimate accuracy is sometimes as low as 3% to 5% [7, 8] . There is no significant change in the distribution, considering the accuracy of the counting [6] . This type of behaviour is not as easy to interpret as the above observation.
Microeconomic model
The principal assumption of the microeconomic model is that every person above fifteen years of age (the official starting age for work) has a capability to work or earn money using some means, which can be a job, bank interest, stocks, etc. An almost complete list of the means is available in the US Census Bureau technical documentation [4] as the sources of income are included in the survey list.
The income or the total amount of money a person earns per unit time is proportional to her/his capability to earn money or work, σ. The person is not isolated from the surrounding world and the work (money) s/he produces dissipates (leaks) through interaction with the outside world, decreasing the final income. Analogously to similar cases observed in the natural sciences [2] , the rate of the dissipation is proportional to the attained income level and inversely proportional to the size of the means used to earn the money, Λ. One can write a simple balance equation for a person earning money: 
In the modelling, we integrated equation (1) numerically in order to include the effects of the change with time in values of σ(t) and Λ(t). Equations (2) through (4) are derived and discussed in detail below to demonstrate some principal features of the model. The equations represent the solutions of equation (1) in the case where we neglect the observed change of σ(t) and Λ(t) in all the terms except the exponential one.
One can introduce the concept of a modified capability to earn money as a dimensionless variable Σ(t)=σ(t)/α. The absolute value of the modified capability, Σ(t),
and size of the earning means evolves with time as the square root of the per capita real
GDP(0) and GDP(t) are the per capita real GDP values at the start point of the modelling
and at time t respectively. Then the capacity of a "theoretical" person to earn money, defined as Σ(t)Λ(t), evolves with time as the per capita real GDP. Effectively, equation (2) states that the evolution in time of personal income depends only on the personal capability to earn money, the means used to earn money and the economic growth.
The modified effective capability to earn money, Σ(t), and the size of earning means, Λ(t), obviously have nonzero minimum values for all the persons, Σ min (t) and Λ min (t) respectively. One can now introduce relative values of the defining parameters in for a person with the capability, S i , and the size of the earning means, L j , is as follows:
the following way: S(t)=Σ(t)/Σ min (t) and L(t)=Λ(t)/Λ min (t).
where When a personal income reaches the Pareto threshold, it undergoes a transformation and obtains a new quality to reach any income with a probability described by the power law distribution. This approach is similar to that applied in the modern natural sciences involving self-organized criticality (SOC). Due to the exponential character of the income growth the number of people with incomes distributed according to the power law is very sensitive to the threshold value, but people with high enough S i and L j can eventually reach the threshold.
If the money earning capacity, S i L j , drops to zero at some critical time, T cr , in a personal history [1] , the solution of (1) is:
M ij (t)=M ij (Tcr)exp(-α (t-Tcr)/ Λ min L j )= ={Σ min (t)Λ min (t)S i L j (1-exp(-αTcr/Λ min L j ))} exp(-α(t-Tcr)/ Λ min L j ) (4)
The first term is equal to the income value attained by the person at time T cr , and the second term represents an exponential decay of the income for work experience above T cr .
The observed exponential roll-off for the mean income beyond T cr corresponds to zero work applied to earn money in the model [1] . People do not exercise any effort to produce income starting from some predefined point in time, T cr , and enjoy exponential decay of their income.
There is a principal feature of the real PID, which is not described by the model so far, but has an inherent relation to the studied problem. The real income distribution spans the range from $0 to several hundred million dollars, and the theoretical distribution extends only from $0 to about $100,000, i.e. the income interval used in [1] The total amount of money earned in the supercritical zone is about 1.35 times larger than the amount that would be earned if incomes were distributed according to the theoretical curve, in which every income is proportional to the capacity. Figure 7 illustrates the concept. The two curves in the Figure correspond to the theoretical and observed total income received by the people with the incomes below a given value, i.e.
the sum of all the personal incomes from a given value M to zero income. The theoretical curve is not corrected for a 35% increase for each personal income above the Pareto threshold.
This multiplication factor is very sensitive to the definition of the Pareto threshold.
In order to match the theoretical and observed total amount of the money earned in the supercritical zone one has to multiply every theoretical personal income in the zone by a factor of 1.35. This is the last step in equalizing the theoretical and the observed number of people and incomes in both zones: sub-and supercritical. It seems also reasonable to assume that the observed difference in distributions in the zones is reflected by some basic difference in the capability to earn money. So, the model is finalized. An individual income grows in time according to relationship (3') until some critical age T cr . Above T cr , an exponential decrease according
to (4) 
Modelling high incomes
The best-fit distributions in the high income zone in the USA are obtained from a model with the following defining parameters [1] : the start year is 1960, T cr (1960)=26.5 years, The number of people reaching the Pareto threshold depends on work experience.
In the youngest age group, one can not expect a large number of people with high income.
A comparison of the modelled and observed PID for the youngest group, as shown in Figure 8 , confirms this assumption. In the age groups well above the critical time, T cr , there are also less and less rich people with age, in absolute and relative terms. The peak of the Pareto distribution dependence on work experience is near T cr , which is of about forty years currently. Despite a minor influence of the observation on the overall distribution in terms of the total income, one can argue that this difference is due to a wrong dissipation factor used in the model. This factor defines the time constant and the rate of income growth. The initial part of the distribution is most sensitive to the factor value. We have no convincing explanation for the discrepancy but just mention that the real start point for some people is well below 15 years of age and the accuracy of measurements at higher incomes for the youngest group is definitely low. Also, the income data resolution is very low: the first interval is 10 years wide. A data set with a finer resolution could help to reveal the reason for the discrepancy.
There 
Discussion and conclusions
The model predicts the exact number of people reaching the Pareto threshold depending on work experience. The distribution evolves with time in a manner also predicted by the model. Thus the model can be also used to predict future development of the Pareto distribution if the evolution of the population structure and per capita GDP are available. This is a good place to briefly discuss capitalism and socialism as economic systems. The latter economic system is based on an assumption that personal income is proportional to the time necessary to produce some goods or service and to some varying in the people capability to produce. This is the principle of socialism as an economic system -to obtain exactly proportional to the product produced. The price of the product is determined by some economic authority according to some rules aimed to balance inputs of time and productivity of the population. As we have seen above, this assumption works excellently for the overwhelming majority. Ninety per cent of the population above 15 years of age in the USA receives income exactly proportional to their capability to produce income, as described by the microeconomic model. When extended to the whole population, this rule limits personal incomes of the ten per cent of the population having incomes above the Pareto threshold to theoretical values determined by the model or lower. Capitalism, however, has some extra feature -the ten per cent of the population have personal income not proportional to the capability, but described by a power law spanning to several million dollars. They actually produce some extra income exceeding the theoretical value by 35%. The actual total income produced by these ten per cent is 45% of the actual overall total income, R, instead of the theoretical value of 34% of the predicted total income, P. Because the total income in the subcritical zone is equal in the real and theoretical cases P(1-0.34)=R (1-0.45) , the ratio R/P=1.2 or the actual total income exceeds the theoretical one by 20%. Hence, capitalism has an advantage of the personal income distributed by the Pareto law, which effectively increases the overall income or real GDP at least by 20% compared to that of socialism. In the long run, the extra total income provides progressively increasing additional GDP. Hence, the developed capitalist countries grow with a higher rate than socialist countries.
It is worth noting that the presented model is a "first principles" model. It does not approximate or interpolate the observed data but predicts functional dependence of the defining parameters. An essential feature of the model is its simplicity: there is only one first order ordinary differential equation defining any individual income trajectory. Also, the model has deep roots in natural sciences that suggest that economic activity is just a natural process governed by laws inherently following physical laws. Economics often considers human behaviour as unpredictable and even stochastic. A good analogue of such a system in physics is an ensemble of gas particles in a box. Nobody can predict a trajectory for a given particle. One can predict, however, the most probable number of particles in any given energy or velocity range and such macro parameters as temperature and pressure. 1.E-03
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